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Introduction 

W A secondary objective of contract NAS8-3gl41 is for REMTECH to provide 

base heating assessments, as required, to support Advanced Launch System (ALS) 
preliminary launch vehicle and propulsion system design studies. The ALS propul- 
sion systems integration working group meeting (No. 3) recently completed in San 
Diego, California, focused attention on the need for base heating environment de- 
termination to provide prel imin ary requirements for L0 2 /LH 2 propulsion systems 
currently being considered for ALS. REMTECH was requested to provide these 
environments for a range of possible propellant mixture and nozzle area ratios. 

Base heating environments can only be determined as a function of altitude 
when the engine operating conditions and vehicle base region geometry (engine 
arrangement) are known. If time dependent environments are needed to assess 
thermal loads, a trajectory must also be provided. These parameters are not fixed 
at this time since the ALS configurations and propulsion operating conditions are 
varied and continue to be studied by Phase B contractors. Therefore, for this 
study, a generalized L0 2 /LH 2 system was selected by REMTECH along with a 
vehicle configuration consisting of a seven engine-booster and a three-engine core. 
MSFC provided guidance for the selection. 

REMTECH also selected a l i mi ted number of body points on the booster and 
core vehicles and engines for the environment estimates. Environments at these 
locations are representative of maximum heating conditions in the base re^on 
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uxd are provided as a function of altitude only. Guidelines and assumptions for 
this assessment, methodology for determining the environments, and preliminary 
results are provided in this technical note. Refinements in the environments will 
be provided as the ALS design matures. 


Propulsion System 

The first step in the analysis was the selection of the propulsion system data 
and configuration information germane to base heating. 

For the propulsion system, this includes chamber conditions, throat or nozzle 
exit area, and length from gimbal point to the nozzle exit. The conditions selected 
are: 


Propellants: LO 2 /LH 2 
Chamber Pressure: 2250 psia 
Mixture Ratio: 5.5 and 6.0 
Throat Diameter: 12.9 inches 
Nozzle Area Ratio: 35, 45, and 60 

Length from Gimbal to Nozzle Exit: 150” for A/ A* = 35 

185” for A/A. = 45 
240” for A/ A. = 60 

Propulsion exhaust products and properties at different expansion ratios were 
determined for this system at both mixture ratios by the CEC code, Ref. 1. 


Configuration 

A mated configuration consisting of a three-engine core vehicle and seven-engine 
booster was selected as shown schematically in Fig. 1. Both the booster and core 
elements were assumed to be 360 inches in diameter for the main propellant tanks 
with the main thrust fame for both elements in the same plane. Both elements 
were assumed to have a cylindrical aft skirt attached to the thrust frame, extending 
aft approximately 96 inches. 

For the booster, the seven engines were arranged as shown in Fig. 2 with six 
engines equally spaced around a center engine. Centerline-to-centerline spacing 
between engines was approximately 120 inches. The aft skirt extends midway 
down the nozzle for the 35/1 area ratio nozzle as depicted in Fig. 2. A fiat surface 
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heat shield was assumed to connect all seven nozzles in a plane parallel to the 
thrust frame and approximately 90 inches aft. 

The core vehicle geometry and engine arrangement selected for the study is 
shown in Fig. 3. The three engines are arranged in an equilateral triangle configu- 
ration on a nozzle centerline circle diameter of approximately 100 inches. Aft skirt 
and base heat shield geometry were assumed to be the same as the booster. One 
engine of the core vehicle was positioned in closest proximity to the booster such 
that the remaining two engines are equal distance from booster as shown in the 
lower schematic of Fig. 1. 


Assumptions and Study Guidelines 

For this study, vehicle forebody geometry and freestream flow effects on the 
plumes and base heating environments were ignored since a trajectory was not 
provided. Also, the small differences in properties between the 5.5 and 6.0 mixture 
ratio did not warrant separate studies; therefore, all computations were based upon 
the 6.0 mixture ratio thermodynamic and transport data. In addition, the flowfield 
changes and resultant environment shifts due to 9 degree gimbaling on all engines 
were assumed to be relatively small and within the conservatism dictated by the 
methodology. This simplification produced study results for all engines firing aft 
with parallel burn assumed for both the booster and core. 

Additional assumptions included all engines firing at full thrust, turbopump 
exhaust disposal and burning occurring in the nozzle, and no mass or energy 

additions to the base flow from flow deflectors, vents, etc. in the aft skirt or heat 
shield. 

Guidelines for the study (provided by MSFC) were to determine environments 
at critical base locations at several altitudes from sea level to 100,000 feet. Three 
cases were to be investigated. 

Case 1: All booster and core engines had nozzles 
with A/A, = 35 

Case 2: All booster and core engines had nozzles 
with A/ A. = 45 

Case 3: All booster and core engines had nozzles 
with A/A. = 60 


In addition, a hybrid case with booster engine at A/A. = 35 and core engines at 
A/A. — 60 was also of interest. Engine mixture ratio variation was assumed to 
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be within the overall accuracy of the study, as mentioned previously, and was not 
considered. 


Body Point Selection 

REMTECH selected seven locations on the booster and nine locations on the 
core as points for which environments would be determined. These locations are 
shown in Figures 4 and 5 for the booster and core respectively. As much as 
possible, the locations were selected where maximum heating to the engine nozzle, 
base heat shield, and aft skirt would occur. Obviously, aft facing locations on the 
nozzle and aft skirt trailing edge are likely to receive maximum radiation since 
they have unobstructed views of several plumes. Maximum convection may also 
occur on the nozzle; however, it will be much later in flight; historically at altitudes 
around 100,000 feet when peak recircultion occurs. Typical locations of interest 
on the base heat shield for convective heating were selected to demonstrate peak 
interior heating, vent plane heating, and average exterior (to the engine circle) 
heating. Body point notation is a two letter plus numerical designation; the first 
letter refers to either booster or core and the second letter refers to nozzle, base 
heat shield, or skirt: e.g. - BN2 is the second point on the booster nozzle. 


Prediction Methodology 

The base heating environment consists of radiative and convective components. 
Infr ared radiation from the rocket exhaust plumes varies strongly with surface posi- 
tion as views of the plumes from the surface and shading by other surfaces change. 
In contrast, the convective heating environment, resulting from reversed plume 
boundary layer gases, is essentially constant over relatively wide areas. Both heat- 
ing modes are basically a function of altitude with flight-time effects also entering 
through variations in engine chamber pressure. In this section, the radiative and 
convective components prediction methodology will be discussed independently. 


Plume Radiation Methodology 

The methodology was based on scaling of existing SSME plume property data 
where this was suitable. In other cases, extrapolations of these results were made 
using simplified plume models to cover the full range of nozzle area ratios and base 
configurations considered. 
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Because of the availability of SSME plumes for scaling, the radiation predictions 
for the ALS were all made using a mixture ratio (LO 2 /LH 2 ) of 6.0. This mixture 
ratio is expected to produce higher radiation than a mixture ratio of 5.5 because it 
produces higher temperatures, pressures (for a given area ratio), and water- vapor 
mole fractions. Although the lower mixture ratio has a greater fraction of LH 2 for 
afterburning, this is not expected to offset the greater radiation potential of the 
higher mixture ratio. 

One-dimensional, equilibrium predictions indicated that the area ratio 60 noz- 
zle and the SSME have nearly identical exit pressures, so the shock structure is 
expected to be similar. However, because of the lower chamber pressure of the 
ALS engines, the plume temperature will be slightly higher when expanded- to any 
pressure. Therfore, the SSME plumes at sea level, 20 kft and 40 kft were scaled to 
increase temperature by 6 percent and lengths by 10 percent to simulate the area 
ratio 60 ALS engine. Variations with altitude used the adjustment functions [2] 
normally applied for the Space Shuttle. 

Extrapolation to other area ratios were made using idealized inviscid plumes 
with the properties from 1-D equilibrium predictions. These were combined with 
judgements of afterburning effects based on the scaled SSME plumes for the area 
ratio 60 ALS nozzles with the core of the plume removed to emphasize the after- 
burning. 


Convective Base Heating Methodology 

Convective heating from recirculated plume gases is not determined by a rig- 
orous computational procedure or computer code, but relies on judicious sc alin g 
and application of existing flight and model data. For this study, which considered 
only LO 2 /LH 2 propulsion systems, the prediction methodology relied heavily on 
Saturn I/S-IV stage, Saturn V/S-II stage, and Shuttle Orbiter flight data. Model 
data trends for clusters of engines and various chamber conditions were also used 
in the analysis. 

Data from the LO 2 /LH 2 database were arranged to show the effects of chamber 
pressure, nozzle area ratio, and base region vent area (nozzle spacing) on maximum 
heating. From these trend curves, individual scaling factors were determined to 
account for each parameter of the ALS engine performance or base geometry which 
differed from a known, measured enironment; in this case, convective heating to 
the Shuttle SSME nozzle. Using these factors in series it was possible to -adjust 
the Shuttle data to conditions under investigation for the ALS. 

Additional corrections to the Shuttle adjusted environment were made from 
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generalized trends evident in the global base heating database possessed by REMTECH. 
For example, axial variations in heating along the nozzle and radial variations in 
heating across the heat shield were available from distribution curves extracted 
from the database and normalized to nozzle exit diameter or engine spacing. Ef- 
fects of heat shield position and aft skirt length were also determined from the 
database trends. 

No attempt was made, at this time, to define the plumes at different altitudes 
and visually assess plume interactions. Instead, other flight data with a variety of 
nozzle spacings were utilized to estimate the onset of recirculation, the altitude of 
maximum convective heating, and the altitude of initial choked flow in the base. 
These three critical altitudes were determined for both the booster and core engine 
spacing at each of the three nozzle sizes under consideration. In general, the onset 
of recirculation varied from 40,000 to 80,000 feet depending on the configuration 
and nozzle area ratio. Peak convection usually occurred around 100,000 feet and 
choked base flow is established above 150,000 feet. 

Curves of cold wall convective heating rate were determined as a function of 
altitude for each of the booster and core body points by smoothing through the 
estimates at the three critical altitudes. A single value of base gas recovery tem- 
perature applicable to all base region surfaces was also estimated from correlations 
with nozzle exit Reynolds number and previous flight experience. Maximum gas 
temperature in either the booster or core base is expected to be about 2900°R or 
approximately 45 percent of the chamber temperature. 


Results 

Radiation and convective base heating environments have been determined 
separately and are presented in tabular form as a function of altitude. Separate 
environments were determined for the booster and core body point for each of the 
three LO 2 /LH 2 nozzle area ratios of interest. 

The radiation results for the core and booster vehicles are presented in Tables 
1 and .2 for the base heat shield CBl/3 and BBl/3, the nozzle lip CNl/2 and 
BN1/2, and the skirt around the base CSl/2 and BSl/2. Characteristics of the 
radiation to each component will be discussed in the following paragraphs. 

Experience on the Space Shuttle heat shield has indicated that the higher rates 
occur outside the engine circle because of shading by the nozzles in the center of 
the cluster. This effect is not expected to be as pronounced on the ALS Core 
vehicle analyzed because of the greater relative spacing between engines. As the 
engine area ratio is reduced, the base has a better view of the plumes and the 
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rates are predicted to increase slightly. For the configuration chosen for analysis, 
points viewing the plume from the base aspect axe most affected by the plume size 
and afterburning rather than the shock structure close to the nozzle. The high 
area-ratio nozzles are relatively far from the base and the shock structure will be 
be relatively shaded from the base. Radiation for the ALS booster configuration 
studied, increases slightly relative to the core vehicle because of the increased 
number of plumes and the tighter cluster. 

The aft facing nozzle lip (Point Nl) is sensitive to all aspects of the plume 
radiation since it has a good view of all of the plumes. It will tend to increase as a 
function of the temperature and pressure of the adjacent gas at the nozzle exit and 
with the reduction in distance to adjacent plumes. In the case of high area-ratio 
nozzles, the adjacent gas is relatively cool and low pressure, but the Mach disk 
occuring a short distance downstream is an intense radiation source. The results 
indicate a reduction with decreasing area ratio because of the weakening of the 
Mach disk and an increase in distance to adjacent plumes because of the smaller 
exit size. In the case of the ALS booster vehicle, the rates increase slightly because 
of the closer engine spacing. 

The lateral facing surface at the nozzle lip (point N2) sees only the adjacent 
plume and has a better view of the region near the exit than the downstream 
afterburning region. As a result it is sensitive to engine spacing and exit conditions. 
It is likely to decrease rapidly as shocks weaken with increasing altitude. 

Results for the two skirt points (Si and S2) on the core vehicle indicated no sig- 
nificant sensitivity to area ratio, so the results show no area ratio effect. However, 
the booster skirt is closer to the plumes than for the core vehicle configuration 
analyzed, and the outboard engine spacing is closer. As a result, the booster rates 
are higher and show a more significant shading effect as larger nozzles are used. 

Cold wall convective heating rate and heat transfer coefficient plus base gas 
recovery temperature are presented in Tables 3 through 8. Maximum convection 
occurs on the center engine nozzle exit on the booster with the smallest nozzle 
(A/A, = 35) as expected since the highest density reversed flow and more intense 
recirculation are indicated. In general, the core vehicle convective heating is less 
severe that the booster and has a shorter exposure to the recirculated flow. In- 
creasing the nozzle exit ratio generally reduces the heating, although the reduction 
is moderated by slightly earlier (lower altitude) recirculation since the nozzle ex- 
its are in closer proximity. Base interior heating is more severe than peripheral 
heating as expected. Any significant change in geometry, engine arrangement, or 
chamber condition could dramatically alter these results. 
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Table 1: ALS Booster Incident Plume Radiation Rates (Btu/sq-ft-sec) 


i 

i 

ALS BOOSTER ! 

INCIDENT PLUME RADIATION RATES (Btu/sq-ft-sec) ; 


35 NOZZLE AREA RATIO 


BODY 

POINT 


ALTITUDE (AFT) 




o 1 

10 | 

30 | 

50 | 

100 

BB1 


7.0 

6.6 

4.8 

2.5 

1.3 

BB2 


7.0 

6.6 

4.8 

2.5 

1.3 

BB3 


7.9 

7.4 

4.5 

2.3 

0.7 

BH1 


21.0 

18.0 

11.7 

9.2 

7.0 

BN 2 


10.5 

9.0 

4.5 

3.5 

3.0 

BS1 


13.4 

12.0 

6.2 

4.2 

1.6 

BS2 


3.7 

3.3 

1.5 

0.8 

0.6 

45 NOZZLE AREA RATIO 

BODY 

POINT 


ALTITUDE (AFT) 




0 1 

10 | 

30 | 

50 | 

100 

BB1 


6.4 

6.1 

4.1 

2.2 

1.3 

BB2 


6.8 

6.4 

3.7 

1.9 

1.1 

BB3 


6.8 

6.4 

3.7 

1.9 

1.1 

BN1 


28.0 

24.0 

12.0 

8.5 

6.0 

BN2 


14.0 

12.5 

4.9 

3.5 

3.0 

BS1 


10.8 

9.8 

5.2 

3.5 

1.4 

BS2 


3.0 

2.7 

1.2 

0.7 

0.6 

60 NOZZLE AREA RATIO 

BODY 

POINT 


ALTITUDE (AFT) 




0 1 

10 | 

30 | 

50 | 

100 

BBI 


5.1 

4.6 

2.4 

1.4 

1.0 

BB2 


4.1 

3.8 

2.3 

1.3 

1.0 

BB3 


4.0 

3.7 

2.2 

1.3 

1.0 

BN1 


40.0 

35.0 

15.2 

12.1 

8.6 

BN2 


20.0 

16.6 

6.0 

5.0 

4.3 

BS1 


ESI 

5.3 

3.2 

2.0 

1.0 

BS2 


H 

1.5 

0.6 

0.5 

■ 
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Table 2: ALS Core Incident Plume Radiation Rates (Btu/sq-ft-sec) 


ALS CORE 

INCIDENT PLUME RADIATION RATES (Btu/sq-ft-sec) 


35 NOZZLE AREA RATIO 


30DY POINT 


ALTITUDE 

(kFT) 



o 1 

10 

1 30 

1 50 

| 100 

CB1 

5.8 

5.5 

4.0 

2.1 

1.1 

C32 

5.8 

5.5 

4.0 

2.1 

1.1 

CB3 

7.2 

6.7 

4.1 

2.1 

0.6 

CN1 

20.0 

15.0 

7.6 

6.2 

5.0 

CN2 

6.0 

4.3 

2.3 

1.7 

1.6 

CN3 

21.0 

16.0 

7.4 

6.5 

5.3 

CN4 

9.0 

7.1 

3.7 

2.6 

2.5 

CSl 

8.4 

7.6 

3.9 

2.0 

1.0 

CS2 

3.0 

2.7 

1.2 

0.7 

0.5 

45 NOZZLE AREA RATIO 

30DY POINT 


ALTITUDE 

(kFT) 



o 1 

10 1 

1 30 

1 50 | 

| 100 

CSl 

5.6 

5.3 

3.6 

1.9 

1.1 

CB2 

5.6 

5.3 

3.6 

1.9 

1.1 

CB3 

6.8 

6.4 

3.7 

1.9 

0.5 

CN1 

25.0 

18.0 

8.0 

6.2 

5.0 

CN2 

8.0 

6.0 

2.4 

1.7 

1.6 

CN3 

27.0 

21.0 

10.2 

7.3 

5.9 

CN4 

11.5 

9.5 

3.7 

2.6 

2.4 

CSl 

8.4 

7.6 

3.9 

2.0 

1.0 

CS2 

3.0 

2.7 

1.2 

0.7 

0.5 

60 NOZZLE AREA RATIO 

30DY POINT 


ALTITUDE | 

[kFT) 



o 1 

10 1 

30 

1 50 | 

100 

C31 

5.3 

5.0 

3.4 

1.8 

1.0 

C32 

5.3 

5.0 

3.4 

1.8 

1.0 

C33 

6.5 

6.1 

3.5 

1.8 

0.5 

CN1 

30.0 

27.0 

10.0 

6.2 

4.0 

CN2 

10.0 

8.2 

2.6 

1.7 

1.5 

CSl 

8.4 

7.6 

3.9 

2.0 

1.0 

CS2 

3.0 

2.7 

1.2 

0.7 

0 . 5 
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TITLE: Addendum to RTN 218-01, “Preliminary Base Heating En- 

vironments for a Generalized ALS LO 2 /LH 2 Launch 
Vehicle” 


DATE: November 3, 1989 

AUTHORS: Robert L. Bender and John E. Reardon 


CONTRACT NO: NAS8-39141 


PREPARED FOR: NASA/MSFC Induced Environment Branch ED-33 


INTRODUCTION 

Preliminary environments for multiple points located in the base of a gener- 
alized ALS LO 2 /LH 2 launch vehicle were specified in REMTECH Technical Note 
RTN 218-01, published October 19, 1989. Subsequent discussions with MSFC ED- 
33 revealed a need to expand the environment determination to include additional 
locations on a “nacelle” type heat shield covering the engine power head as well as 
a planar heat shield attached directly to the thrust frame. This addendum includes 
these new environments in a format similar to the original publication. 


ASSUMPTIONS AND GUIDELINES 

The techniques and general methodology reported in RTN 218-01 were also 
utilized in this study. Engine arrangement and spacing were unchanged, and gim- 
baling was not considered. The environments were determined as a function of 
altitude with separate analyses required for radiation and plume induced convec- 
tion. 
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CONFIGURATION AND BODY POINT SELECTION 

The aft skirt and heat shield surrounding the engine nozzles which were con- 
sidered in RTN 218-01 were removed for this later study. Individual nacelle heat 
shields covering each engine power head were added to both the booster and core 
elements as shown in Figs. 1 and 2. At the forward end of each nacelle, a heat 
shield was added extending laterally throughout the base at the gimbal plane. 

Body points at critical locations on the aft face and sidewall of the nacelle were 
selected for the analysis. Additional body points on the base heat shield were also 
selected which correspond closely to the previous heat shield locations (reported in 
RTN 218-01) when the heat shield was further aft. These body points are. shown 
on the booster and core schematics in Figs. 1 and 2, respectively. 


RESULTS 

As stated previously, radiation and convective base heating environments were 
determined separately and are presented in tabular form as a function of altitude. 
Separate environments were determined for the booster and core body points for 
each of the three LO 2 /LH 2 nozzle area ratios of interest. 

Predicted radiation rates for the Core and Booster vehicles are presented in 
Tables 1 and 2 for the base heat shield (CD-11/13 and BB-11/13) and the aft end 
of the nacelle (CP-11/14 and BP-11/16). Characteristics of the radiation will be 
discussed briefly in the following paragraphs. 

The heat shield in this configuration is rather far forward of the nozzle exits, 
and it is shaded in some aspects by the nacelles. The peak point on the booster 
heat shield is higher than on the core vehicle because it can view more plumes, 
but as the radius of the heat shield location is - increased, the booster rate drops 
relative to the core vehicle because views to the booster plumes become restricted 
by the relatively close spacing between outboard engines. 

Radiation to the aft facing nacelle surfaces is slightly lower than previously 
reported heat shield rates at the same station because the points are shaded by 
being close to an engine nozzle. Radiation rates to the lateral facing surfaces of 
the nacelle are generally low because of the poor view of the plumes. 

Cold wall convective heating rate and heat transfer coefficient plus base gas 
recovery temperature are presented in Tables 3 through 8. As expected, the aft 
corner surfaces of the nacelle facing inboard or toward an adjoining engine receive 
significant convective heating from reverse plume flow stagnation conditions. The 
base heat shield is sufficiently forward that the heating is attenuated; especially 
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since the removal of the aft skirt allows lateral relief from the reverse gases as 
they penetrate forward into the base region. General trends previously noted in 
RTN 218-01 are also evident in the new environments, i.e., core vehicle convec- 
tive heating is less severe than the booster and has a shorter exposure time to 
the recirculated flow. Also, base interior heating is more severe than peripheral 
heating. 
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Table 1: ALS Booster Incident Plume Radiation Rates (BTU/sq-ft-sec) 




BODY POINT 


ALTITUDE 

(kFT) 


1 

0 1 

10 | 

30 

1 50 | 

1 100 

35 NOZZLE AREA 

. RATIO 





BBU 

3.0 

2.8 

1.7 

1.0 

1.0 

BB12 

2.1 

2.0 

1.3 

0.9 

0.9 

BB13 

2.2 

2.1 

1.2 

0.6 

0.6 

BP11 

5.5 

4.9' 

2.5 

1.1 

1.0 

BP12 

1.0 

0.8 

0.5 

0.5 

0.5 

BP13 

5.1 

4.6 

2.4 

1.0 

1.0 

BP14 

1.0 

0.8 

0.5 

0.5 

0.5 

BP15 

3.8 

3.6 

1.7 

1.0 

0.8 

BP16 

0.5 

0.4 

0.4 

0.4 

0.4 

45 NOZZLE AREA 

RATIO 





BBll 

2.7 

2.5 

1.5 

0.9 

0.9 

BB12 

1.8 

1.8 

1.2 

0.8 

0.8 

BB13 

2.0 

1.8 

1.1 

0.6 

0.6 

BPll 

5.0 

4.5 

2.3 

1.0 

0.9 

BP12 

0.8 

0.7 

0.4 

0.4 

0.4 

BP13 

4.7 

4.2 

2.2 

0.9 

0.9 

BP14 

0.8 

0.7 

0.4 

0.4 

0.4 

BP15 

3.5 

3.3 

1.6 

0.9 

0.8 

BP16 

0.4 

0.4 

0.3 

0.3 

0.3 


60 NOZZLE AREA RATIO 


BBll 

2.3 

2.2 

1.3 

0.6 

0.7 

BB12 

1.6 

1.5 

1.0 

0.6 

0.7 

BB13 

1.7 

1.6 

1.0 

0.4 

0.5 

BPll 

4.0 

3.6 

1.9 

0.8 

0.7 

BP12 

0.6 

0.5 

0.3 

0.3 

0.3 

BP13 

3.7 

3.4 

1.7 

0.7 

0.7 

BP14 

0.6 

0.5 

0.3 

0.3 

0.3 

BP15 

2.8 

2.6 

1.3 

0.8 

0.6 

BP16 

0.3 

0.3 

0.2 

0.2 

0.2 
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Table 2: ALS Core Incident Plume Radiation Rates (BTU/sq-ft-sec) 


BODY POINT 


ALTITUDE 

CkFT) 


1 

o 1 

10 | 

30 

1 50 1 

1 100 | 

35 NOZZLE AREA 

RATIO 





CB11 

2.4 

2.7 

2.4 

1.9 

1.2 

CB12 

2.8 

2.9 

2.4 

1.7 

0.9 

CB13 

3.6 

3.6 

2.7 

1.7 

in 

o 

CPU 

3.6 

3.6 

2.7 

1.7 

0.9 

CP 12 

1.0 

0.8 

0.5 

0.5 

0.5 

CP13 

3.7 

3.8 

3.2 

2.2 

0.9 

CP14 

0.7 

0.7 

0.5 

0.4 

0.4 


45 NOZZLE AREA RATIO 


CB11 

2.3 

2.5 

2.3 

1.7 

1.1 

CB12 

2.6 

2.7 

2.3 

1.6 

0.9 

CB13 

3.4 

3.4 

2.6 

1.6 

0.4 

CPU 

3.5 

3.4 

2.6 

1.6 

0.8 

CP 12 

0.9 

0.7 

0.5 

0.5 

0.5 

CP13 

3.5 

3.7 

3.1 

2.1 

0.8 

CP14 

0.6 

0.6 

0.5 

0.3 

0.3 

60 NOZZLE 

AREA RATIO 


• 



CB11 

2.1 

2.3 

2.1 

1.6 

1.0 

CB12 

2.4 

2.5 

2.1 

1.4 

0.8 

CB13 

3.1 

3.1 

2.3 

1.4 

0.4 

CPU 

3.3 

3.3 

2.5 

1.5 

0.8 

CP12 

0.7 

0.6 

0.4 

0.4 

0.4 

CP13 

3.4 

3.5 

2.9 

2.0 

0.8 

CP14 

0.6 

0.5 

0.4 

0.3 

0.3 
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units for Qcj 6 TU/M 2 - 
unlls for he: BlU/ft?- 


RTN 218-02 


Table 6: 


ADVANCEO LAUNCH SYSTEM 
COLD WALL CONVECTIVE 3A3E HEATING 


CORE 


A / A • *35.0 

L02-LH2 Engines - IJcn»mo#n* 2250 PSIA 


ALT Jr 
ft 

1 0* * 3 

R 1 

Boay 

Oc 

Pt: c»n 1 

j 

I 

Body 

Oc 

Pt: CP 1 2 1 

he 1 

Boay 

Oc 

Pt: CP 1 3 
nc 

Body 

Oc 

Pt: CP 1 4 

he 

i 

1 

1 

86 

2240 | 

0.0 

.000E-0C 1 

0 . 0 

. 0005-00 1 

0.0 

.0002-00 1 

0.0 

.0006-00 

1 

90 

2310 I 

1 . 4 

. 7332-03 1 

0.8 

. 435E-03 I 

0.5 

.2752-03 1 

0.3 

. 1586-03 

I 

95 

2390 ! 

3 . 4 

.1762-02 1 

2.5 

.1306-02 | 

1 .6 

.8292-03 

1 . i 

.5705-03 

1 

too 

2465 I 

5.5 

.2762-02 1 

4.5 

. 2235-02 | 

2.9 

. i 44 E -02 

2. i 

. 1035-02 

l 

105 

2535 1 

6.3 

.304E-02 1 

5 . 7 

. 2 75E-02 1 

4. 1 

. i 98E-02 

3 . 3 

. 1595-02 

1 

108 

2575 1 

6.4 

.3032-02 [ 

5.9 

. 279E-C2 I 

4.3 

.2032-02 1 

3 . 7 

. 1732-02 

i 

1 10 

2600 i 

6.3 

.2962-02 | 

5.8 

.271E-02 1 

4.2 

.1962-02 

3.5 

. 1585-02 

I 

1 15 

2655 | 

6. 1 

. 278E-02 | 

5.5 

. 25 1 E-02 1 

4 . 1 

.1872-02 

3.5 

. 1525-02 

I 

120 

2710 ! 

5.5 

. 2*62-02 1 

4.9 

.219E-02 | 

3.6 

. 1 605-02 

3.2 

. 1425-02 

1 

130 

2795 1 

4.6 

. 1975-02 | 

4. 2 

.179E-02 j 

3. 1 

.1345-02 1 

2.6 

. 1 136-02 

1 

1 40 

2855 1 

3.9 

. 1 65E-02 1 

3.6 

. 1 5 2E-02 I 

2.7 

.1132-02 1 

2.3 

.9475-03 

1 

150 

2900 1 

3.5 

.1422-02 1 

3.2 

. 1 30E-02 1 

2.4 

.9802-03 1 

2.0 

.8026-03 

1 

160 

2900 1 

3. 1 

.1275-02 1 

2.8 

. t 1 5E-G2 | 

2. 1 

.8745-03 i 

1 . 7 

.711 6-03 

! 

170 

2900 1 

2.0 

.1145-02 1 

2.5 

. 1035-02 [ 

1 .9 

.7822-03 1 

1 .5 

.6306-03 

1 

180 

2900 1 

2.6 

. l GSE-OZ i 

2.3 

. 933E-03 i 

1 . 7 

.7122-03 ! 

1 . 4 

.571E-03 

1 












ALT Tr 


Body 

Pt: C311 } 

Boay 

Pt: C312 1 

Body 

Pt: CB13 1 




ft 

R 1 

Oc 

*c 1 

Oc 

me ! 

Oc 

nc 1 




1 0 ■ • 3 



! 




1 




96 

2240 } 

0.0 

.0002-00 1 

0.0 

.0006-00 1 

0.0 

.0002-00 : 




90 

2310 1 

0.2 

.BtlE-04 | 

0. 1 

. 54 1 E-04 j 

0. 1 

.5415-04 I 




95 

2390 I 

0.5 

. 259E-03 I 

0 . 3 

.154S-03 1 

0.2 

. 1045-03 1 




100 

2465 1 

1 .0 

.5085-03 1 

0.7 

. 3 29E-03 1 

0.4 

.1882-03 1 




105 

2535 t 

1.5 

.7475-03 1 

1 .C 

.4825-03 ! 

0.6 

.2652-03 ! 




108 

2575 1 

1 . 7 

.8045-03 1 

' . a 

.567S-03 1 

0.7 

.3312-03 1 




1 10 

2600 ! 

1 .6 

.7315-03 | 

1 . 1 

.498E-03 1 

0.6 

.2545-03 1 




1 15 

2655 i 

1 .5 

. 6832-03 I 

1 .0 

.4565-03 1 

0.6 

.2732-03 1 




120 

2710 1 

1 .3 

.5912-03 I 

0.9 

. 386E-03 1 

0.5 

.2162-03 I 



* 



130 

2795 1 

1 . 1 

. 480E-Q3 

1 

0.7 

.3156-03 

1 

0.4 

.1622-03 1 

140 

2855 1 

1 .0 

.4125-03 

1 

0.6 

.2525-03 

1 

0.3 

.1295-03 i 

150 

2900 1 

0.8 

.34CE-03 

1 

0.5 

.224E-C3 

I 

0.3 

.1092-03 ! 

160 

2900 : 

0.7 

.3066-03 

1 

C.5 

. 1 965-03 

i 

0.2 

.9132-04 ! 

170 

2900 1 

0.7 

. 273E-03 

1 

0.4 

. 1 5 2E-C3 

j 

0.2 

.8952-04 | 

>80 

2900 : 

0.5 

. 2566-03 

1 

0.3 

. 140E-C3 

1 

0.2 

.7725-04 

units 

for Oc: 

3TU/*t2-5€C 







un its 

for nc: 

BTU/f 

t 2 — S#C“ 3 
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Table 7: 


ADVANCED launch SVSTEM 
COLD WALL CONVECTIVE 3A55 HEATING 


CORE 


A / A ■ *45.0 

L02-LH2 Eng1n«s - Pchamoerx 2250 PSIa 


ALT Tr 
ft 

1 0* *3 

r i 

Bocy 

Qc 

Pt : C?n 1 
he I 

Bocy 

Oc 

Pt: CP 1 2 I 
hC 1 

Bocy 

Oc 

Pt: CP 1 3 1 

nc i 

Bocy 

0c 

Pt : CP 1 4 j 

he 1 

1 

80 

2145 I 

0.0 

.OCOE-OO I 

0.0 

. 0C0E-00 | 

0.0 

.0006-00 ! 

0.0 

.0006-00 i 

85 

2220 I 

1 . 2 

.6825-03 1 

1 .0 

.568E-03 [ 

0.7 

. 3985-03 1 

0.5 

.284E-03 I 

90 

2310 I 

3.0 

. 1615-02 l 

2.4 

.1285-02 | 

1 .7 

. 906E-03 I 

1 .3 

.7046-03 I 

95 

2390 i 

4.8 

.249E-02 | 

4 . 1 

.2125-02 { 

2.9 

.1505-02 1 

2 . 2 

.1176-02 1 

100 

2465 1 

5 . 8 

.2875-02 1 

5.3 

.2645-02 | 

3.7 

. 1 87E-0 2 1 

3.2 

. '586-02 1 

103 

2510 1 

5.9 

. 288E-02 I 

5.4 

. 263E-02 \ 

4.0 

. 195E-02 1 

3.3 

.16IS-C2 1 

1 10 

2600 1 

5.7 

.2675-02 1 

5.2 

.244E-02 1 

3.8 

. 1 78E-02 1 

3 . 2 

. 149E-02 1 

120 

2710 1 

5. 1 

. 2265-02 I 

4.6 

. 2C3E-02 [ 

3.3 

.1456-02 I 

2.7 

.1216-02 | 

1.30 

2795 1 

4.3 

.1825-02 | 

3.9 

. 165E-02 | 

2.8 

.1186-02 ! 

2,3 

. 997E-03 1 

140 

2955 1 

3.6 

.1525-02 | 

3.4 

.1415-02 1 

2.4 

.1015-02 1 

2.0 

.8436-03 1 

150 

2900 1 

3.2 

.1325-02 1 

3.0 

. 1 225-C2 | 

2.2 

.8906-03 ! 

1 .8 

.7276-03 1 

160 

2900 1 

2.9 

.1196-02 1 

2.7 

. 1 10E-02 | 

2.0 

.8006-03 I 

1 . 6 

.6586-03 1 

170 

2900 ! 

2.6 

.1085-02 ! 

2.4 

. 1 00E-02 1 

1 .8 

.7266-03 | 

1 .5 

.6056-03 ! 

180 

2900 1 

2.4 

.1005-02 1 

2.3 

. 926E-03 1 

1 . 7 

.6785-03 ! 

1 . 4 

.5686-03 1 


ALT Tr 


1 

Bocy 

Pt: C3H ! 

Bocy 

Pt: CB12 | 

Body 

Pt: C3 1 3 1 

ft 

1 0**3 

R 

1 

1 

0c 

he I 

Oc 

nc S 

Oc 

he j 

i 

80 

2145 

1 

0.0 

.00CE-0C 1 

0.0 

.0005-00 | 

0.0 

.0006-00 1 

85 

2220 

I 

0.2 

. 1 14E-03 1 

0 . 1 

.5635-04 | 

0.0 

.C005-C0 | 

90 

2310 

1 

0.7 

.371E-C3 1 

0.4 

.2135-03 1 

0.2 

.1356-03 1 

95 

2390 

i 

1 . i 

.5966-03 I 

0.7 

.3635-03 1 

0.5 

.2596-03 1 

100 

2465 

1 

1 .6 

. 778E-03 1 

1 .0 

.4835-03 | 

0.6 

.3235-03 i 

103 

2510 

1 

1 .7 

. 829E-03 j 

1 .2 

.5855-03 | 

0.7 

.3376-03 1 

110 

2600 

[ 

1 .5 

.7226-03 1 

1 .0 

.4465-03 | 

0.6 

.3025-03 ! 

120 

2710 

1 

1 .3 

.567S-03 I 

0.8 

.3775-03 | 

0.5 

. 2 1 8E-03 i 

130 

2795 

1 

1.0 

.4365-03 1 

0.7 

.3195-03 I 

0.4 

.1615-03 i 

140 

2355 

1 

0.9 

.3865-03 1 

0.6 

.2475-03 1 

0.3 

.1245-03 ! 

150 

2900 

1 

0.8 

.3475-03 1 

0.5 

.3005-03 1 

0.3 

.1065-03 i 

150 

2900 

1 

0.7 

. 2745-03 1 

0.4 

.1795-03 1 

0.2 

.8955-04 1 

170 

2900 

I 

0.6 

.247E-03 | 

0.4 

.1685-03 1 

0.2 

.8405-04 | 

180 

2900 

I 

0.8 

.2575-03 | 

0.4 

.1735-03 1 

0.2 

.7315-04 ! 

unit* 

for Qc: 

3TU/ 

f t2-*#c 





unit* 

*or he: 

BTU/f t2-s#c-R 






10 



rs^i 


RTN 218-02 


Table 8: 


advanced launch system 
COLD WALL CONVECTIVE 3A3E HEATING 


CORE 


A/A* *60. 0 

L02-LH2 Englnts • Pchimo«r* 2250 D SIA 


ALT Jr 
ft 

10**3 

R 1 

Body 

Qc 

Pt: CPU 1 
nc i 

Body 

Qc 

Pt: C° 1 2 1 

nc 1 

Booy 

Oc 

t>t: C=’3 1 

nc 1 

Bocy 

Oc 

Pt : CP 1 4 

nc 

70 

o 1 

0.0 

. 0005*00 1 

0.0 

. OOOE-OO 1 

0.0 

.0005-00 1 

0.0 

.0005-00 

80 

2125 | 

1 .5 

. 9035-03 1 

1 .2 

.71 IE-03 [ 

0.9 

.5125-03 1 

0 . 6 

. 3895-03 

85 

2220 [ 

2.6 

.1406-02 | 

2.2 

.1255-02 1 

1 .6 

.9095-03 J 

1 . 2 

. 7 1 CE-03 

90 

2310 1 

4 . 1 

.2215-02 | 

3.3 

.179E-02 1 

2.4 

.1325-02 1 

2.0 

. 1085-02 

95 

2390 | 

5.2 

. 2725-02 1 

4.6 

.2385-02 1 

3.3 

.17 1 E-CZ 1 

2.9 

. M2E-02 

100 

2465 1 

5.5 

.2755-02 j 

5. 1 

.254E-C2 1 

3.7 

.1045-02 1 

3 . 2 

. i 5CE-C2 

105 

2535 ] 

5.4 

.2605-02 i 

5.0 

.2415-02 1 

3.6 

.1735-02 1 

3. i 

. 1495-02 

1 10 

2600 I 

5. 1 

.2395-02 I 

4.7 

.217E-02 1 

3.4 

.1595-02 1 

2.9 

. i 385-02 

120 

2710 1 

4 . 4 

. 1955-02 1 

4.0 

. 1 77E-02 | 

2.9 

. 1285-02 ! 

2.4 

. 1095-02 

130 

2795 I 

3.8 

.1625-02 | 

3.4 

.1485-02 1 

2.5 

.1055-02 | 

2. 1 

.8915-03 

MO 

2855 ! 

3.3 

. 1 38 E-02 | 

3.0 

.1275-02 | 

2.1 

.8965-03 | 

1 .8 

.7475-03 

150 

2900 | 

3.0 

. 1 2 1 £-02 1 

2.7 

.1125-02 1 

1 .9 

.7875-03 1 

1 .6 

.6405-03 

160 

2900 ! 

2.7 

.1095-02 1 

2.4 

.9975-03 | 

1 .7 

.7095-03 ( 

1 . 4 

.5785-03 

170 

2900 i 

2.4 

.9775-03 1 

2.2 

.9MS-03 | 

1 .6 

.6535-03 1 

1 . 3 

.5275-03 

180 

2900 I 

2 . 2 

.889E-03 j 

2.0 

.0375-03 1 

1 .5 

.6075-03 1 

1 . 2 

.5025-03 


ALT Jr 
ft 

1 0**3 

R j 

Body 

Oc 

Pt: C911 1 

nc 1 

Body 

Qc 

Pt: CB12 1 
nc j 

Body 

Oc 

Pt: C9 1 3 
nc 

I 

1 

I 

70 

0 ! 

0.0 

.0005-00 I 

0.0 

.0005-00 1 

0.0 

.0005-00 

i 

80 

2125 f 

0.3 

.1825-03 1 

0.2 

.1215-03 { 

0. l 

.8235-04 

I 

85 

2220 1 

0.6 

.3415-03 1 

0.4 

.2275-03 ! 

0.2 

. 1 l 4*-03 

f 

90 

2310 1 

1 .0 

.5455-03 1 

0.5 

.3315-03 1 

0.4 

.2075-03 

1 

95 

2390 1 

1 .3 

.6745-03 I 

0.8 

.4155-03 | 

0.5 

.2595-03 

1 

100 

2465 1 

l .5 

.7485-03 1 

1 .0 

.4945-03 1 

.0.6 

.2995-03 

1 

105 

2535 1 

1 . 4 

.6755-03 1 

0.9 

.4346-03 1 

0.5 

.2415-03 

1 

1 10 

2600 1 

1 .3 

.6175-03 1 

0.9 

. 4C8E-03 | 

0.5 

.2295-03 


120 

2710 1 

1 . 1 

.4755-03 1 

0.8 

.3385-03 1 

0.4 

. 1745-03 

1 

130 

2795 I 

1 .0 

.4196-03 I 

0.7 

.2835-03 1 

0.4 

. 1585-03 

I 

MO 

2855 1 

0.9 

.3735-03 1 

0.6 

.2515-03 1 

0.3 

. 1 175-03 

i 

150 

2900 1 

0.8 

.3255-03 I 

0.5 

.2215-03 1 

0.3 

. 1 1 15-03 

i 

1 60 

2900 I 

0.6 

.2535-03 1 

0.5 

.1965-03 1 

0.2 

.9665-04 

l 

170 

2900 1 

0.5 

.2395-03 1 

0.4 

.1665-03 1 

0.2 

.8205-04 

i 

1 80 

2900 1 

0.5 

.2355-03 I 

0.4 

.1565-03 1 

0.2 

.8845-04 

i 


unit* for 0c: 
unit* for nc: 


9TU/f t2-s#c 
BTU/f t Z-s tc-R 
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IMTECH RTN 218-01 

Table 1: ALS Booster Incident Plume Radiation Rates (Btu/sq-ft-sec) 


ALS BOOSTER 


INCIDENT PLUME RADIATION RATES (Btu/sq-ft-sec) 



BB1 

BB2 

BB3 


BN1 
BN 2 

BS1 

BS2 













3304 WESTMILL DRIVE 
HUNTSVILLE, AL 35805 
(205) 536-8581 



NLS - AERO/THERMODYNAMIC PANEL - VIFM-2 
TASK 3-FM-006 ASCENT PLUME INDUCED ENVIRONMENTS 





NLS - AERO/THERMODYNAMIC PANEL - VIFM-2 
TASK 3-FM-006 ASCENT PLUME INDUCED ENVIRONMENTS 



C 

O 0 
to 5 'S 

® = 5 

k. L 


5 -2 -c §> £ 


o sS o 
o c <2 

o o O 

•sp o o 

CO o 

O w 

f— 

■ = ffl ra 
O u O 

0^0 
S 0 -D 
•— rr O 
. co u - f- 

‘S 5 ® 

^ ro c 

0> ■D 

.05-0 
CO ;= 

• CM = 

E 


0 

|>C 
0 O 
-C *J5 

£ S 

*0 2 . 

(I) 

W CO 

55 * 

x: q 

x = 

0 

|Il 

^ "d 
— K 

LLI 0 T " 

^ E fc - 

fJ.2 

CO Q.g 

i- «— o 
0 0 ~ 
-O T 3 Q. 
w w ® 
C C W 

O p 2. 
o o ^ 

o o ~ 

C C Q. 

223 
Q O O 


0 

o 

x: 

0 

e * 

§ & 

5 to 

§ I 

cc CL 

i ^ 

Hi .§ 


Improved methodology utilizing updated plume definitions 
Quantify effects of STME turbine exhaust disposal schemes 
Quantify effect of plume induced flow separation 
Output by January 13, 1992 
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* Reported in REMTECH RTN 218-03, dated Sept. 13. 1991. 
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•It is assumed that the base geometry and propulsion/performance parameters will not vary significantly 
during this study, so the environment should be accurate within the methodology Uncertainty (i.e.^ 20% 
plus the turbine exhaust uncertainty). 




E o 

^ cc 


05 
C/5 r- 
0) — 
•— o 
"B co 

2 Q- 
co w 


CD c — 

| -2 g 
A 8 § 

® D W 
CO **- 3 

^ * 5 * 

<D | ® 

0 E £ 

>» CO •— 

°t« 

?« i 

=§! 
© ~ ~ 
c <= _£ 

.2 co co 

.2 ▼- -r- 
© 0) 05 
Q- £ £ 

S°° 

?3 ' O T3 

co .2 ® 

**— M— M— 

^ TD T3 
CD O O 

>22 

1 l I 


o 

_ CD 

S »= 

o © 

CO © 
=6 « 
5 § 

0)0 
c t 

‘E 0 

is 

•° © 
CD P 

CO = 
-Q Q. 

T? TJ 
© © 

CO CO 

E E 

*= :b 
© © 
LU LLi 


1111 


w ' 

C 05 

.2 .2 

2 ^ 

11 

o ^05 

*q3 CO 

"5 -o 

O m 

1 1 

CO © 

m LU 


= TO 

S $ 

CL © 

E m 

O zr 


• STME RECIRCULATION: From scaled data base (Shuttle Orbiter, Saturn V S-1 1 
Stage S-l S-IV Stage) 

• ASRB RECIRCULATION: From Shuttle data base and ASRB Cycle 1 methodology 



NLS - AERO/THERMODYNAMIC PANEL - VIFM-2 
TASK 3-FM-006 ASCENT PLUME INDUCED ENVIRONMENTS 



NOTE: BOXED POINTS INVESTIGATED IN PRELIMINARY CYCLE 1 ANALYSIS 








NLS - AERO/THERMODYNAMIC PANEL - VIFM-2 
TASK 3-FM-006 ASCENT PLUME INDUCED ENVIRONMENTS 
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NLS - AERO/THERMODYNAMIC PANEL - VIFM-2 
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NLS - AERO/THERMODYNAMIC PANEL - VIFM-2 
TASK 3-FM-006 ASCENT PLUME INDUCED ENVIRONMENTS 

1.5 STAGE SIX-PACK 
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NLS - AERO/THERMODYNAMIC PANEL - VIFM-2 
TASK 3-FM-006 ASCENT PLUME INDUCED ENVIRONMENTS 
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Saturn V Atlas 






BACKGROUND 







BACKGROUND 







BASE HEATING ENVIRONMENT COMPONENTS 



SRM SHUTDOWN SPIKE 



MULTINOZZLE ROCKET BASE FLOW PATTERNS 









Flight Time from Liftoff (Seconds) 




HOW DOES TURBINE EXHAUST DISPOSAL AFFECT 

BASE HEATING? 
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PREFERRED TURBINE EXHAUST DISPOSAL SCHEMES 



Discharge Into Downstream Flow 



PAST EXPERIENCE WITH TURBINE EXHAUST DISPOSAL 
— LARGE U.S. LAUNCH VEHICLES — 
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Nozzle @ A/A*=10 • Unburned RP-1 Afterburning in Plume @ Low 

Altitude, Burned in Base @ High Altitude 

NSTS • No T.E. Disposal on SSME • No Failure Due to Base Heating 

SPACE SHUTTLE • SRB T.E. Dumped Outboard • Predictable Environments 
























EARLY ATLAS MA-3 BOOSTER LATER ATLAS MA-5 BOOSTER 



TURBINE EXHAUST DISPOSAL THROUGH DUCT 
PENETRATING HEAT SHIELD 











TURBINE EXHAUST DISPOSAL THROUGH BASE HEAT SHIELD 






TURBINE EXHAUST DISPOSAL THROUGH BASE HEAT SHIELD 



CENTER H-1 ENGINES - FLAME SHIELD 






TURBINE EXHAUST DISPOSAL INSIDE NOZZLE 



SATURN V/S IC STAGE - F-1 ENGINE 






SUMMARY OF TURBINE EXHAUST DISPOSAL 
FLIGHT EXPERIENCE 
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THE NLS - STME TURBINE EXHAUST DILEMMA 






STME FILM/CONVECTIVE DUMP COOLED NOZZLE 




NOTE: Turbine exhaust is: 47% H 




STME HYDROGEN FLOW RATES 



MAIN ENGINE FLOW: 16.7 Ibm l{ 2 /scc@0/ F = 7.1 



STME PLUME EXPANSION/RECIRCULATION FLOWFIELD 



1) Nozzle Inviscid Flow - P 0 « 2200 psia 

2) Film Coolant/Nozzle Boundary Layer Flow - P D w 200 psia 

3) Convective Dump Coolant Flow - P 0 « 90 psia 

4) Freestream or Base Region Flow - P Q « 14.7 or less psia 




STME - Ho RECIRCULATION POTENTIAL 
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BASE GAS TEMPERATURE WITH BURNING HYDROGEN 







NLS ESTIMATED BASE GAS TEMPERATURE 



ALTITUDE Kft 















NLS LOW ALTITUDE AIR-TURBINE EXHAUST COMBUSTION 
PRODUCTS - THERMODYNAMIC/TRANSPORT DATA 





TRANSPORT PROPERTIES AT ASSIGNED PRESSURES 



NLS - ESTIMATED CONVECTIVE BASE HEATING WITH 
TURBINE EXHAUST BASE BURNING, 



NLS CYCLE 1 DESIGN RECOMMENDATION 








DETERMINATION OF CONVECTIVE 
HEAT TRANSFER COEFFICIENT , 







NLS BASE REGION VELOCITY ESTIMATE' 






NLS - ESTIMATED CONVECTIVE BASE HEATING WITH 
TURBINE EXHAUST BASE BURNING, 



FLIGHT TIME - SECONDS 









NLS - CONVECTIVE HEAT TRANSFER COEFFICIENT 
ESTIMATES FOR CORE BASE REGION 



FLIGHT TIME - SECONDS 







NLS - CONVECTIVE HEAT TRANSFER COEFFICIENT 
ESTIMATES FOR CORE BASE REGION 



FLIGHT TIME - SECONOS 




RESULTS OF SHORTTERM BASE BURNING ANALYSIS 




IMPLICATIONS OF PROPOSED STME DESIGN CHANGES 
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BASE HEATING ENVIRONMENT COMPONENTS 
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HOW DOES TURBINE EXHAUST DISPOSAL AFFECT 

BASE HEATING? 
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SUMMARY OF TURBINE EXHAUST DISPOSAL 
FLIGHT EXPERIENCE 





THE NLS - STME TURBINE EXHAUST DILEMMA 




STME FILM/CONVECTIVE DUMP COOLED NOZZLE 





STME HYDROGEN FLOW RATES 



MAIN ENGINE FLOW: lfi.7 Ihm Ifa/trcGO/ F — 7.1 


IN-LINE HLLV BASE GEOMETRY 



250 . 5 ' 





HLLV SIDE VIEW A - 






HLLV SIDE VIEW B - 





NLS BASE HEATING ANALYSIS 





To be released as MSFC memo ED33 on or before January 31, 1902 




NLS LOW ALTITUDE BASE BURNING ANALYSIS OBJECTIVES 








NLS BASE HEATING TRAJECTORY - ALTITUDE vs TIME 




NLS BASE HEATING TRAJECTORY - VELOCITY vs TIME 









ALTITUDE - KFT 




NLS - ESTIMATES OF AVAILABLE AIR FLOW INTO 

CORE BASE REGION 



FLIGHT TIME - SECONDS 







NLS - ESTIMATES OF RECIRCULATED TURBINE EXHAUST 

INTO CORE BASE REGION 





Note: Upper limit on turbine exhaust temperature after recirculation (before mixing) is « 1200°R. 








NLS - LOW ALTITUDE AIR-TURBINE EXHAUST 
COMBUSTION TEMPERATURES . 



\ 000 







NLS - LOW ALTITUDE AIR-TURBINE EXHAUST 
COMBUSTION TEMPERATURES 



0/F 














NLS BASE HEATING ENVIRONMENTS 



Cycle 1 environments (with and without base burning) scheduled for publication January 17, 1992. 







BODY POINT LOCATIONS FOR JANUARY 1992 ENVIRONMENTS 
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• Replace MSFC ED31 (06-89) with updated environments for approximately 15 NLS base 
region body points. 








NLS BASE HEATING/BASE BURNING 
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NLS BASE HEATING PRESENTATION OUTLINE 
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BASE HEATING ENVIRONMENT COMPONENTS 
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BASE BURNING vs CONVENTIONAL BASE HEATING 



SUMMARY OF TURBINE EXHAUST DISPOSAL 
FLIGHT EXPERIENCE 




PAST EXPERIENCE WITH TURBINE EXHAUST DISPOSAL 
— LARGE U.S. LAUNCH VEHICLES --- 
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SPACE SHUTTLE • SRB T.E. Dumped Outboard • Predictable Environments 














THE NLS - STME TURBINE EXHAUST DILEMMA 







STME HYDROGEN FLOW RATES 



MAIN ENGINE FLOW: 16.7 Ibm //j/ sec® O / F = 7.1 



ENGINE/STME COMPARISONS 
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ENGINE/STME COMPARISONS 









SATURN V/S-1C STAGE/NLS 1.5 STAGE 











WHY IS NLS/STME BASE BURNING PROBLEM UNIQUE? 




convective heating over comparable surfaces 



NLS BASE HEATING ANALYSIS 
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NLS LOW ALTITUDE BASE BURNING ANALYSIS OBJECTIVES 






DETERMINATION OF GAS RECOVERY TEMPERATURE 



• HLLV 

• 1 .5 stage 

• Shroud/forebody 
B.L. Effects 











DETERMINATION OF CONVECTIVE 
HEAT TRANSFER COEFFICIENT 
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NLS - ESTIMATED CONVECTIVE BASE HEATING WITH 
TURBINE EXHAUST BASE BURNING 



CYCLE 1 DESIGN RECOMMENDATION 












NLS - CONVECTIVE HEAT TRANSFER COEFFICIENT 
ESTIMATES FOR CORE BASE REGION 



FLIGHT TIME - SECONDS 







RESULTS OF BASE BURNING ANALYSIS 
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NLS BASE HEATING TRAJECTORY - ALTITUDE vs TIME 













1 .5 STAGE BODY POINTS SELECTED FOR 
BASE HEATING ANALYSIS 











NLS RADIATION ENVIRONMENTS AT SEA LEVEL 




HLLV BASE HEATING ENVIRONMENTS AT B.P. 113 
















NLS CYCLE 1 ENVIRONMENT CONCLUSIONS 
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• Maximum convective rate of 80.3 is predicted near sea level 




IMPLICATIONS OF PROPOSED STME DESIGN CHANGES 






NLS BASE HEATING/BASE BURNING 
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GLOBAL APPROACH 
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BASE HEATING ENVIRONMENT COMPONENTS 
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BASE BURNING vs CONVENTIONAL BASE HEATING 




HOW DOES TURBINE EXHAUST DISPOSAL AFFECT 

BASE HEATING? 





PAST EXPERIENCE WITH TURBINE EXHAUST DISPOSAL 
— LARGE U.S. LAUNCH VEHICLES — 
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SUMMARY OF TURBINE EXHAUST DISPOSAL 
FLIGHT EXPERIENCE 
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THE NLS - STME TURBINE EXHAUST DILEMMA 






NOTE: Turbine exhaust Is: 47% H 




STNIE HYDROGEN FLOW RATES 



MAIN ENGINE FLOW: 16.7 Ibm H 2 /t ccQO/F = 7.1 




STME PLUME EXPANSION/RECIRCULATION FLOWFIELD 



Four (4) Stream Mixing Problem 

1 ) Nozzle Inviscid Flow - P „ « 2200 psla 

2) Rim Coolant/Nozzle Boundary Layer Flow - P 0 « 200 psia 

3) Convective Dump Coolant Flow - P Q « 90 psia 

4) Freestream or Base Region Flow - P 0 « 14.7 or less psia 




F-1 ENGINE/STME COMPARISONS 
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F-1 ENGINE/STME COMPARISONS 
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WHY IS NLS/STME BASE BURNING PROBLEM UNIQUE? 
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convective heating over comparable surfaces 




• Cycle 1 Including Updated Base Burning Analysis Results 
MSFC memo ED33 (15-92), Feb. 7, 1992 
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NLS LOW ALTITUDE BASE BURNING ANALYSIS OBJECTIVES 
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DETERMINATION OF GAS RECOVERY TEMPERATURE 



• HLLV 

• 1 .5 stage 

• Shroud/forebody 
B.L. Effects 





DETERMINATION OF CONVECTIVE 
HEAT TRANSFER COEFFICIENT 











NLS - ESTIMATED CONVECTIVE BASE HEATING WITH 
TURBINE EXHAUST BASE BURNING 



CYCLE 1 DESIGN RECOMMENDATION 









NLS - CONVECTIVE HEAT TRANSFER COEFFICIENT 
ESTIMATES FOR CORE BASE REGION 



TIME - SECONOS 





NLS - CONVECTIVE HEAT TRANSFER COEFFICIENT 
ESTIMATES FOR CORE BASE REGION 



FLIGHT TIME - SECONDS 









NLS BASE HEATING TRAJECTORY - ALTITUDE vs TIME 








HLLV BODY POINTS SELECTED FOR 












HLLV BASE HEATING ENVIRONMENTS AT BP. 113 



150 






NLS CYCLE 1 ENVIRONMENT CONCLUSIONS 
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IMPLICATIONS OF PROPOSED STME DESIGN CHANGES 
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NLS BASE HEATING/BASE BURNING 
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NLS CONVECTIVE BASE HEATING 
NEAR TERM* ANALYSIS OBJECTIVES 





NLS BASE HEATING ENVIRONMENTS 
NEAR TERM ANALYSIS SCHEDULE 




















SUMMARY OF SATURN FLIGHT VEHICLES 














































SATURN FLIGHT VEHICLE BASE CONFIGURATIONS 








TURBINE EXHAUST DISPOSAL INSIDE NOZZLE 



SATURN V/S-1C STAGE ■ F-1 ENGINE 












SCOOPS, FLOW DEFLECTORS, AND TURBINE EXHAUST DUCTS 



SATURN I, BLOCK I SATURN I, BLOCK II 






SCOOPS, FLOW DEFLECTORS, AND TURBINE EXHAUST DUCTS 



SA TURN 18 SA TURN V FLOW DEFLECTORS 
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SATURN FLIGHT BASE HEATING 
INSTRUMENTATION SUMMARY 


























































































SATURN FLIGHT BASE HEATING 
INSTRUMENTATION GENERAL DESCRIPTIONS 
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SATURN BASE HEATING INSTRUMENTATION 
TYPICAL PATTERNS 
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SATURN BASE HEATING INSTRUMENTATION 
TYPICAL PATTERNS 



SATURN IB 








SATURN BASE HEATING INSTRUMENTATION 
TYPICAL PATTERNS 







SATURN BASE HEATING INSTRUMENTATION 
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SATURN FLIGHT BASE HEATING DATA 
REPEATABILITY 
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INSTRUMENT GROUPING FOR hr REDUCTION 
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SATURN I BLOCK I TYPICAL "GOOD 
BASE HEATING DATA 
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SATURN I BLOCK II TYPICAL "GOOD 
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SATURN I BLOCK II TYPICAL "BAD 
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TYPICAL BASE HEATING DATA 



tud* tkri 


















SATURN V TYPICAL "BAD 
BASE HEATING DATA 
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TYPICAL SATURN I BLOCK I FLIGHT DEDUCED 
CONVECTIVE HEAT TRANSFER COEFFICIENT 
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TYPICAL SATURN IB FLIGHT DEDUCED 
CONVECTIVE HEAT TRANSFER COEFFICIENT 
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TYPICAL SATURN V FLIGHT DEDUCED 
CONVECTIVE HEAT TRANSFER COEFFICIENT 



Saturn V 






RESULTS OF FLIGHT DEDUCED h 
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SATURN V GAS TEMPERATURE VARIATION 
WITH BASE HEAT SHIELD LOCATION 
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SATURN V GAS TEMPERATURE VARIATION 
WITH F-1 ENGINE LOCATION 








SATURN V GAS TEMPERATURE EFFECT OF PROBE 
HEIGHT OFF HEAT SHIELD SURFACE 
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SATURN V GAS TEMPERATURE FLOW DEFLECTOR EFFECT 

AS-501 vs AS-502 
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PROBLEM DEFINITION 




NLS TURBINE EXHAUST BASE BURNING ANALYSIS PLAN 
FOLLOWING PUBLICATION OF CYCLE 1 ENVIRONMENTS 
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SATURN FLIGHT DATA REVIEW 
AND ANALYSIS OBJECTIVES 
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SATURN FLIGHT VEHICLE BASE CONFIGURATIONS 






TURBINE EXHAUST DISPOSAL INSIDE NOZZLE 



SATURN V/S-1C STAGE - F-1 ENGINE 
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SATURN FLIGHT BASE HEATING 
INSTRUMENTATION SUMMARY 
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SATURN FLIGHT BASE HEATING 
INSTRUMENTATION GENERAL DESCRIPTIONS 



Gas 'Exposed T/C with Guard Ring, Sat. IB 

Temperature 'Double Shielded (Platinum) T/C, Sat. V 

Probes 'Typical ranges: 0 - 1500, 0 - 1750, 0 - 2000°C Sat. I & IB 

0 - 1750°C. Sat. V 





SATURN FLIGHT BASE HEATING INSTRUMENTATION 
ACCURACY AND DATA QUALITY 
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Teledyne Brown Report EE-MSFC-1774, Volumes I and II, December 1973 
NASA-MSFC TMX-53326, September 1965 
Boeing Company Report 5-941 0-H-448, September 1972 
NASA CR-61390, May 1972 




SATURN FLIGHT BASE HEATING DATA 
REPEATABILITY 
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COMPARISON OF SATURN V FLIGHT DATABASES 
REMTECH vs MSFC ED-64 
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INSTRUMENT GROUPING FOR hr REDUCTION 



C14-101 C57-101 C44-101 C224-105 

C14-101 C57-101 C56-105 C234-106 

































SATURN V TYPICAL "GOOD 
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TYPICAL SATURN I BLOCK I FLIGHT DEDUCED 
CONVECTIVE HEAT TRANSFER COEFFICIENT 
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TYPICAL SATURN I BLOCK II FLIGHT DEDUCED 
CONVECTIVE HEAT TRANSFER COEFFICIENT 
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TYPICAL SATURN IB FLIGHT DEDUCED 
CONVECTIVE HEAT TRANSFER COEFFICIENT 
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TYPICAL SATURN V FLIGHT DEDUCED 
CONVECTIVE HEAT TRANSFER COEFFICIENT 



Saturn V 






RESULTS OF FLIGHT DEDUCED h c : OBJECTIVE 1 
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• Above 40,000 Kft, Cycle 1 h c envelopes Saturn flight data and is valid for NLS 1 .5 stage. 

• A technique to correlate h c with base flow conditions for altitudes below 40,000 feet was indicated. 








SATURN V GAS TEMPERATURE VARIATION 
1 WITH BASE HEAT SHIELD LOCATION 




SATURN V GAS TEMPERATURE VARIATION 
WITH F-1 ENGINE LOCATION 












SATURN V GAS TEMPERATURE EFFECT OF PROBE 
HEIGHT OFF HEAT SHIELD SURFACE 












SATURN V GAS TEMPERATURE FLOW DEFLECTOR EFFECT 

AS-501 vs AS-502 
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SATURN V GAS TEMPERATURE BASE HEAT SHIELD 
SATURN V vs SATURN I, BLOCK I 












SATURN V GAS TEMPERATURE BASE HEAT SHIELD 
SATURN V vs SATURN I, BLOCK II INNER REGION 


















SATURN GAS TEMPERATURE BASE HEAT SHIELD 

SATURN V vs SATURN IB 
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SATURN V F-1 ENGINE 
GAS TEMPERATURE ENVELOPE 
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RESULTS OF SATURN V GAS TEMPERATURE REVIEW: 

OBJECTIVE 2 
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APPLICATION OF SATURN REVIEW RESULTS 
TO NLS 1.5 STAGE VEHICLE 




















SATURN V TO NLS 1.5 STAGE VEHICLE 
SCALING RATIONALE 
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- Combustible turbine exhaust/total engine flow approximately equal, total turbine 
exhaust/total engine flow comparable 
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METHODOLOGY FOR IMPROVING hr, EARLY IN FLIGHT 



h c envelopes Saturn flight data 


LOW ALTITUDE REYNOLDS NUMBER CORRELATION FOR he 











METHODOLOGY FOR APPLYING SATURN FLIGHT DATA 

TO NLS GAS TEMPERATURE 










NLS SIMPLIFIED BASE REGION FLOWFIELD 
AT LOW ALTITUDES 








NLS STME NOZZLE CONVECTION ENVIRONMENT 
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SENSITIVITY STUDIES AND SELECTION OF 
METHODOLOGY FOR THE CURRENT DESIGN ENVIRONMENT 
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Reynolds Number correlation from sea level to 40 Kft. 
Envelope of Saturn data for altitudes above 40 Kft. 





NLS 1.5 STAGE DESIGN CONVECTIVE BASE HEATING 
ENVIRONMENTS AT LOW ALTITUDES 
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TOTAL BASE HEATING ENVIRONMENT FOR 
NLS 1 .5 STAGE STME NOZZLE 
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